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Abstract: This paper describes an artificial neural network (ANN) model developed to predict 
the moment-rotation response of semi-rigid beam-to-column composite joints for the full range 
of loading. Experimental data from 35 tests including results of tests performed by first author,  
cover the most frequently used types of semi-rigid beam-to-column joints with a composite 
metal deck floor, were used for training, testing and validating the neural network models. The 
data were arranged in a format represents the ultimate moment and geometric and material 
properties of the joints as an input and the output is the corresponding joint rotation. Aback-
propagation artificial neural network model is developed and used to predict the moment-
rotation response of the composite joints. Results were compared to the available experimental 
tests results and to a simple semi-empirical method proposed by the American Society Civil 
Engineers. Results indicate that the developed models can predict the nonlinear moment-
rotation behavior of semi-rigid joints with a high level of accuracy.  
Keywords: Composite Joints, Semi-rigid, Artificial Neural Network, Rotation. 
 صلختسم: داجٌلإ ًعانطصلإا ءاكذلا جمانرب مادختسا ةٌناكمإ ةساردل فدهٌ ثحبل ًاصخلم مدقت ةقرولا هذه
ةبكرملا ةبلصلا هبش تلاصولا كولس3ةناسرخلاو ذلاوفلا نم  . ةٌعانصلا ةٌبصعلا تاكبشلا جذومن ةقرولا فصت
مزعلا ةلداعم رٌدقتل هرٌوطت مت يذلا . لٌمحتلا ىدمل تاضراعلاو ةدمعلأا نٌب ةبلصلا هبش تلاصولل فاطعنلإا
لماكلا . مادختسا مت دقو35 اذه نم ةقباس ةلحرم للاخ تٌرجأ ًتلا ةٌلمعملا تارابتخلإا جئاتن نم ًاجذومن 
هبكرملا تآشنملل تاضراعلا عم ةدمعلأا تلاصو عاونأ مظعم ًطغت ثحبلا . اهمٌسقت مت ةلصحتملا تامولعملا
 ًه تاجرخمو ، مزعلا ًلإ ةفاضلإاب ةلصولا ىلع ةلصولل ةٌسدنهلا صئاصخلا لك لمشت ًتلاو تلاخدم ًلإ
مزعلا نم جتانلا نارودلا نع ةرابع.  ةٌسدنهلا تاقٌبطتلا مئلات ًتلا ًعانطصلإا ءاكذلل ًفلخلا راشتنلإا ةقٌرط
 ةقلاعلا ًف دٌقعتلا ناك امهم عونلا اذهل ًلخادلا مٌظنتلاو ءانبلا ةزٌم نم ةدافتسلإل ثحبلا اذه ًف اهمادختسا مت
تاجرخملاو تلاخدملا نٌب.  كلت هرٌبك ةجردب براقت اهٌلع لصحتملا نارودلاو مزعلا تاٌنحنم نأ جئاتنلا تٌنب
ةبرجتلاب اهٌلع لصحتملا . دقو نارودلاو مزعلا نٌب ةٌطخلالا ةقلاعلا رٌدقت ىلع جمانربلا هردق ىلع لدٌ امم
 عم ًاضٌاو ، ةٌلمعملا براجتلا جئاتن عم ًعانطصلإا ءاكذلا جمانرب قٌبطت نم ةلصحتملا جئاتنلا ةنراقم تمت
 نٌٌندملا نٌسدنهملل ةٌكٌرملأا ةٌعمجلا ةٌصوت ىلع ًءانب نارودلاو  مزعلا باسحل ةٌبٌرقتلا هبش ةقٌرطلا جـئاتن
  
[ASCE Task Committee 1998 ]Design Guide For PR-CC ةءافكو ةردق ةنراقملا ةجٌتن تدكأ ثٌح ، 
نارودلاو مزعلا ىنحنم للاخ نم ةبكرملا ةبلصلا هبش تلاصولا كولس رٌدقت ًف جمانربلا.  نأ ًلإ رٌشت جئاتنلا
 اهتنورمب زاتمتو ، نارودلاو موزعلا نٌب ةقلاع رٌدقتل ةٌجو ةدٌفم ةٌنقت نع ةرابع ةٌعانصلا ةٌبصعلا تاكبشلا
 تارابتخلإا ةقٌرط امهو ًاٌلاح نٌترفوتملا نٌتقٌرطلاب ةنراقم تلاصولا عاونأ فلتخم ىلع قٌبطتلل اهتٌلباقو
 عاونأ طقف مئلات ًتلا نٌٌندملا نٌٌسدنهملل ةٌكٌرملأا ةٌعمجلا ةقٌرطو ةفلكتو ًانمز كلهتست ًتلاو ةفلكملا ةٌلمعملا
ةبلصلا هبش تلاصولا نم ةددحم . هبش ةبكرملا تلاصولا كولس نٌمختل ةلاعف ةلٌسو اهرابتعا نكمٌ كلذل
كولسلا اذه ىلع ةفلتخملا لماوعلا رٌثؤت ةساردو هبلصلا. 
 
1.  Introduction 
The behavior of steel frames is highly influenced by the beam-column connections. In analysis 
and design, they are idealized as either rigid or pinned for simplicity, and between these two 
extremities lie the actual behavior of steel frames connections which is semi-rigid. This 
classification is characterized by the nonlinear moment-rotation relationship which must be 
incorporated in the analysis. Current American steel design specifications recognize three 
types of framing. Type 1 is rigid framing, Type 2 is simple framing with directional moment 
connections, and Type 3 is framing with semi - rigid connection. Most Type 3 connections have 
none-linear moment-rotation curves, and their ultimate strength and rotational capacity are 
affected by many variables. The experimental database on which to base design provisions 
and analytical models is limited.  
The first step for structural analysis of steel and composite frames using the semi-rigid concept 
is to develop the nonlinear moment-rotation curve for the specific joints this can be done either 
full scale testing or computer program.Full scales testing of semi-rigid composite connection 
are costly and time consuming. An alternative way to study the behavior of(SRCC) through 
nonlinear relation of moment-rotation curve is to use computer programs. Neural networks are 
models that are designed to imitate the human brain through the use of mathematical 
models.Artificial neural network (ANN) modeling is an artificial intelligence based technique 
that mimics the human ability to learn from past experience and derive quick solutions to new 
problems (Leon, 1989). 
With the heavy use of computing nowadays, it is possible to simulate complex real- world 
cases where a wide range of parameters that are difficult to treat in the laboratory can be 
modeled using numerical modeling methods. Therefore, understanding the behavior of semi-
rigid joints was further enhanced by the development of analytical models that had the ability to 
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predict the complete non-linear response of joints. Artificial neural network (ANN) modeling is 
an artificial intelligence- based technique that mimics the human ability to learn from past 
experience and derive quick solutions to new problems. This modeling technique has recently 
found wide acceptance among researchers when studying the behavior of steel elements 
(Khalifa, 2007).  
This is mainly due to its simplicity, ability to consider a significant number of parameters and 
the capability to easily handle problems with non-linearity. Moreover, the modeling process is 
taking considerably less time than other numerical modeling techniques such as finite element 
models. 
In this paper, we describe new artificial network models developed to predict the moment-
rotation- response of composite joints. The developed ANN models can be used for similar 
joints by observing various factors influencing the joint’s behavior, such as: (a) section of beam 
(b) slab thickness(ts) (c)Number of bolts(Nof) (d) reinforcement ratio (p%) (e)Minimum web 
yield stress (Fy),and the applied load moment. The researcher is required to provide the 
magnitude of these influencingfactors as inputs to the neural network and the network will 
predict the behavior of the joint based on the combined effects of these factors.They can be 
used to predict the rotational capacity of the joint and the contribution of individual components 
of the joint to the overall joint's behavior without conducting costly tests. 
2. Neural Networks 
     Artificial neural networks are computer models that mimic the biological nervous system. 
They involve massively parallel distributed processing and they have natural propensity for 
storing experimental knowledge and making it available for use (Haykin, 1999). They typically 
consist of many hundreds of simple processing units which are wired together in a complex 
communication network. Each unit or node is a simplified model of a real neuron which fires 
(sends off a new signal) if it receives a sufficiently strong input signal from the other nodes to 
which it is connected. An Artificial Neural Network (ANN) is an information processing paradigm 
that is inspired by the way biological nervous systems, such as the brain, process information. 
The key element of this paradigm is the novel structure of the information processing system. It 
is composed of a large number of highly interconnected processing elements (neurons) 
working in unison to solve specific problems(Gardner1998). A first wave of interest in neural 
networks (also known as 'connectionist models' or 'parallel distributed processing') emerged 
after the introduction of simplified neurons by McCulloch and Pitts in 1943 (Abbes, 1999). 
  
These neurons were presented as models of biological neurons and as conceptual 
components for circuits that could perform computational tasks.  
The basic unit of neural networks, the artificial neurons, simulates the four basic functions of 
natural neurons. Artificial neurons are much simpler than the biological neuron, Figure (1) 
shows the basics of an artificial neuron. 
Note that various inputs to the network are represented by the mathematical symbol, xn. Each 
of these inputs are multiplied by a connection weight, these weights are represented by wn. 
 
Figure 1 the basics of an artificial neuron. 
 
3. Basics of Neural Computing 
The processing element receives a set of inputs xi = 1, 2, 3, ….n. These inputs are similar to 
electro-chemical signals received by a neuron in a biological model, then these input signals 
are multiplied by the connection weight wij, and the effective input to the element is the 
weighted sum of the inputs (Amayreh and Saka, 2005). 
In mathematical terms, we may describe a neuron by writing the following equations:        
𝑍 =  𝑤𝑖𝑗𝑥𝑖
𝑛
𝑖=1 ……………….…(1)     
 In order to obtain an output signal, the weighted sum of inputs are processes by an activation 
function F(z). Various forms of activation functions have been proposed. The ones most 
commonly used are a simple linear function, a threshold function, and a sigmoid function. The 
sigmoid function given by the expression: 
F(z)=1/(1+ e-( z +T))………………(2) 
     Where  
z,………………… is the weighted input. 
T,………………… is a bias parameter.  
The advantage of this function is its ability to handle both large and small input signals.     
 
 
Y Y 
 X X 
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In general, designing a neural network consists of (Zurada1992): 
•Arranging neurons in various layers. 
•Deciding the type of connections among neurons for different layers. 
•Deciding the way a neuron receives input and produces output. 
•Determining the strength of connection with the network. 
4. Moment – Rotation (M - θ) Curve: 
Conventional analysis and design of Steel structures is usually carried out under the 
assumption that the beam-to-column connection is either fully rigid or ideally pinned. Rigid 
connections  theoretically allow no relative rotation at beam ends and also transfer 100% of the 
moment. Pinned connections are assumed to allow the beam end to substantially rotate freely 
and offer negligible transfer of moments. Evidently, experimental observations carried out by 
various researchers have shown that most beam-to-column connections used in current 
practice possess intermediate stiffness, i.e. Semi-Rigid behavior(Mativo, 2004). A semi-rigid 
connection can transfer vertical shear and also have the capacity to transfer some moments. 
Typically a semi-rigid connection moment-rotation curve shown in Figure (3) is Nonlinear and 
inelastic over virtually the entire loading range. The unloading curve is parallel to the initial 
stiffness. The semi-rigid characteristic of a connection significantly influences all the important 
design criteria, namely the distribution of internal forces and moments in the frame structure, 
the sway, the deflection, the collapse mode and the effectively length of a column. The main 
factors limiting the practical application of the concept of semi-rigid behavior are the lack of a 
broad available database of connection behavior and the difficulty in accurately and rigorously 
analysis M - θ curves for connections obtained from experiments are not linear but according to 
  
(Cost,C1, 1996), for design however, piece-wise linear approximations can be used, provided 
that the approximate relationship lies wholly below the more precise characteristic. Figure (4) 
illustrates the three main properties of a composite connection which control its ability to 
influence frame behavior that can be obtained from a bi-linear approximated M - θ relationship. 
They are: 
•  Moment resistance, MRd 
•  Rotational resistance, Sj 
•  Rotation capacity, θcd  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Modeling Procedure: 
The procedure adopted to model the rotational behavior of semi-rigid joints in fire consist of the following step: 
1. Identification of the major factors that influence the behavior of semi-rigid joints in fire. 
2. Collection of a set of experimental cases with value for these identified factors along with the 
respective joint’s rotation. 
3. Coding of the laboratory test cases and corresponding value of rotation obtained based on 
experiments.  
4. Development of ANN model, from the coded cases, which is capable of predicting the rotation of other 
similar joints in fire. 
 
Figure 3Typical moment-rotation curve 
 
Figure 4 Bi-linear approximation  
of moment-rotation curve 
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5. Comparison of results generated by the model with the corresponding experimental results and 
mathematical developed by the ASCE. 
6. Development of the ANN Model 
To produce a successful model, it is necessary to have a sufficient number of training cases in order to enable 
the ANNs model to fit a continuous function to the training data. Furthermore, the number of training points 
that are needed to develop an accurate continuous model depends on other factors, such as the complexity of 
the solution model being modeled, the stochastic content of the data in which adequate training cases are 
required to prevent bias due to random fluctuations and the number of input variables (Medsker,1994). 
Small learning rates of 0.2 and 0.01 were adopted for the current study as a large learning rate has been 
found in some cases to lead to oscillations in weight changes resulting in an endless learning process.      The 
modeling process was performed satisfactorily with a momentum coefficient values ranging from 0.1 to 0.3 in 
this study ,as shown in Table(1)and (2)., capturing the non-linear relationship between the input and output 
parameters. It has been shown in previous studies  that one or two hidden layers with an adequate number of 
neurons are sufficient to model any solution surface of practical interest. In this study, two or three hidden 
layer with hidden neurons between 3 and 6 was found adequate to give satisfactory results.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1: Network parameters for group1 
Model3 
Ward Nets 
Model2 
Ward Nets 
Model1 
Standard Nets 
Parameters 
3 3 2 No. of hidden layer  
6-6-6  4-4-4  8-8  No. of units in hidden layer 
0.1 0.1 0.2 Learning rate 
0.2 0.1 0.3 Momentum factor 
0.3 0.3 0.1 Initial weights 
 
Table 2: Network parameters for group2 
Model 3 
Ward Nets 
Model 2 
Ward Nets 
Model1 
Standard Nets 
Parameters 
3 3 2 No. of hidden layer 
5-5-5  3-3-3  8-8  No. of units in hidden layer 
0.2 0.1 0.2 Learning rate 
  
 
 
 
 
 
 
 
 
 
7. Results of Neural Network Predictions 
For the moment-rotation curve prediction, the data of experimental works collected from the literature (Osama, 
2008) were classified according to the type of joint, geometric and material properties to main four 
classifications cover the most frequently used types of joints, namely, flush-end plate, extended-end plate, 
cleated and double-cleated connections. Details of geometric and material properties of all connections are 
presented elswhere (Daoud, 2008). Experimental tests results were used to learning the network with known 
input and out put data. The testing sets (which constitute about 20% of the data) were selected arbitrarily from 
the collected data to ensure that the developed ANNs models have the capability to predict the rotational 
behavior of the connection to a good degree of accuracy. The training process was performed using the 
NeuroShell® 2. Eight input neurons and one output neuron with different hidden neurons constitute the neural 
networks arrangement for this problem, after several adjustments to the different network based on Tables (1), 
(2). Results of the "training stag" of the neural network analysis for Models 1 ,2 and 3 are depicted in Figures 
below. 
The moment-rotation curve  assessment form two sets group of data were performed in two stages. First, the 
major data were used to train the network. Once the training phase of the model has been successfully 
accomplished, the performance of the trained model is validated using the validation data, which have not 
been used as part of the model building process. 
After several adjustments to the different network parameters, the network converged to a threshold of 0.0001 
with a number of iterations as shown in Table 3 for the different groups. 
According to result of best model performance it can be generalization the network with a set of unused data in 
training or testing stage to predict values of moment and rotation through inputs of variables . Table (4) shows 
a summaryofinput data and results of neural network model.  Figure (17) showsthe moment vs rotation curve 
for Neural Networks prediction. 
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Figure 5: Training stage for model 1 (group1)                      Figure 6: Training stage for model 2g(group1) 
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Correlation coefficient r squire R squire No. of iterations Models cases 
0.9714 0.9436 0.9430 5875258 1 
Group1 
 
0.9899 0.9800 0.9798 34722080 2 
0.9713 0.9433 0.9417 2506954 3 
0.9889 0.9780 0.9750 7103005 1 
Group2 0.9890 0.9788 0.9783 4269335 2 
0.9899 0.9800 0.9797 428245 3 
 
Table 3: Results of neural network modeling 
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Figure 7: Training stage for model 3 (group1)                     Figure 8: Training stage for model 1(group2)   
 
 
 
 
 
 
 
 
 
 
 
 Figure 9:  Training stage for model2 (group2)                     Figure 10 :  Training stage for model3 (group2) 
 
 
8. Design Guide For Partially Restrained Composite  Connections (ASCE Task Committe1998): 
This design guide was written by the ASCE Task Committee on Design Criteria for Composite Structures in 
Steel and Concrete. The trem "partially restrained" is used through this document instead of the term "semi-
rigid". The guide addresses the design of parially restrained composite connections(PR-CC) for braced and 
unbraced frames. 
The following exponential moment-rotation relationships were recommended for analysis of frames with 
PR.CC cleated connections 
For Positive Bendin:M+=C1(1-e(-c2
Ө))+(C3+C4)Ө                                   (3) 
For Negative Bending: 
Mn' = C1(1-exp[-C2* Ө]) + C3 Ө                                     (4) 
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Where:C1, C2, C3, C4 are functions of  geometric and material properties of the joinrs. 
9- Results and Discussions 
The experimental results from the 35 different tests conducted on the bare-steel and composite joints were 
used in the training and testing the developed ANN model. The testing sets (which constitute about 20% of the 
data) were selected arbitrarily from the collected data to ensure that the developed ANN models at the 
capability to predict the rotational behavior of the joints to a good degree of accuracy. The training process 
was performed using the NeuroShell® 2(1991). EIGHT input neurons and on output neuron with different 
hidden neurons constitutes the neural network arrangement for the problem. After several adjustments to the 
different network parameters, the network converged to a threshold of 0.0001 with a number of iteration as 
shown in Table 2 for the different joints.  
For all joints, the trained model predictions were in good agreement with the experimental results as 
demonstrated in Figs11 through 14, hence, producing R² values of between 0.926 and 0.983 for for header 
plate joint , single and double web angle joint , respectively. These results indicated that approximately more 
than 92.6% and 98.3% of the variation in the rotation values predicted could be explained by the input 
variables describing the minor components of the joints, namely the angles and plates. 
Having trained the network successfully, the next step is to test the network in order to judge its performance 
and determine whether the predicted results confirm the actual results. The ANN model can sometimes learn 
something different than the relationship in the data. It also can memorize the data or part of this data without 
learning the relationships between variables or trends in the data. Hence, to ensure network accuracy and the 
generalization capability, the network must be tested on a continuous basis and should be monitored during 
the training and testing operations. The testing operations are performed by passing a separate testing set to 
the trained ANN model and recording the results. These results are compared to actual or experimental 
results. The trained model is assumed to be successful if the model gives good results for that test set or 
validation set. The testing operations were then performed on the model separately. The result was compared 
with the actual experimental results. The statistical analysis of these results indicates that the R² values for the 
testing set ranged between 0.941 and 0.9797 as outlined in Table 3. A graphical comparison between actual 
and predicted behavior is shown in Figs. 11 through 14,  from which it can be seen that the behavior was 
closely predicted. This high generalization capability indicates that the ANN model developed in this work can 
be used to model and predict the relationship accurately based on the given input variables. Comparison 
between the predicted and experimental moment- rotation response for different types of joints shown  in the 
figures also indicates that the developed model is capable of modeling the behavior of different types of joints 
at different levels of loading. The observed difference between the experimental and predicted rotation will not 
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affect the reliability of the model .Comparison between the predicted moment- rotation response and 
calculated response using the mathematical model of the ASCE shown in Figs. 15 through 18,  also indicates 
a good agreement between the two models. Keeping in mind the limitations subjected to the mathematical 
model of the ASCE (type of joints, dimensions and level of load), it is clear that the ANN model is more 
powerful and more flexible to perform the modeling process for semi-rigid joints. 
 
Figure 12: Moment vs Rotation curve for header 
plate joint 
 
 
Figure 11: Moment vs Rotation curve for single 
web angle joint 
 
 
 
 
 
 
 
 
 
Figure13: Moment vs Rotation curve for double web   Figure14: Moment vs Rotation curve for angle Joint  
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Figure15: Moment vs Rotation curve for extended       Figure16:  Moment vs Rotation curve for fin- 
end-plate Joint            Plate Joint 
 
 
 
 
 
 
 
 
 
 
 
Figure17: Moment vs Rotation curve for end-plate with      Figure18: Moment vs Rotation curve for 
double cleats        end plate with column stiffeners 
 
 
 10.  Conclusions 
In this paper, we presented a new artificial neural network (ANN) model developed to predict the moment-
rotation behavior of semi-rigid composite  joints. Eight types of bare-steel and composite joints were modeled 
and results from 35 different tests were evaluated. Data from these tests were used for training and testing the 
neural network model. Results from the model compared very closely with the experimental results and 
mathematical models, demonstration the capability of the ANN Simulation Techniques in predicting the 
behavior of semi-rigid composite  joints with high accuracy. The described model can be modified to study 
other important parameters that can have a considerable effect on the behavior of joints. 
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